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and Middle Age times, have been investigated by X-ray diffractometry, 
scanning electron microscopy (SEM) and thin sections under the polarizing 
microscope. 
Clays constituting the ceramic-pottery matrix were of different <¡granulom-
etry» (particle size and distribution) and composition; although, in certain 
samples the original mineralogy has been deeply modified by firing tech-
niques and temperatures, rendering inconsistent any indications regarding 
origino 
Sorne primitive firing equipment did not exceed 500°C, quartz and cristo-
balite indicate a firing range of 600-700uC, the presence of gehlenite may 
indicate temperatuLes b~Jween 700-850°C (but it may be decomposed over 
90D-95QuC), diopside was formed at 85QuC. The presence of fine calcite and 
reducing-oxidizing atmospheres (magnetite: hematite ratio) may shift the 
temperature of formation of the new phases. 
The ratio between clayey matrix and chamotte grains is widely vadable; 
different materials (limestone, diorite, granite, gneiss, mica-schist) wcre 
used as chamotte, reflecting the materials available locally. Manufacts with 
sandy-quartz chamotte are considered imported from African Mediterra-
nean countries. Porous, void filled, isoriented, welded, vitrified, etc. textures 
and fabrics of the ground-mass, reaction rims arouod quartz, feldspar, mica, 
calcite grains, as observed by SEM, are discussed as being representive of 
manufacturing techniques and firing reactions. 
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A group of ceramic materials from the archaeological bed of Cerro Macareno 
(Seville, N-N E, 7 Km [rom the city on the Guadalquivir riverside), was 
studied. 
Forty four samples, from 28 amphora fragments used by ancients in the 
Mediterranean countries, were investigated with the aim of determining the 
provenance of the raw materials and the technology used in the fabrication 
of the amphoras, 
The study carried out consisted mainly of chemical analysis, X-ray diffrac-
tion and heating of the fragments to 1100uC. with observation of the colour 
changes that take place in the freshly cut surface. In some cases an X-ray 
diffraction study on the transformations induced during the heating was also 
undertaken. The results provide useful information not only 00 the type of 
materials employed but a1so on the temperatures and conditions of the 
original firing process. 
Thus, it can be concluded that all the samples contain important amounts of 
ealcite and quartz, and that a number of them also contain do1omite, plagio-
clase, potassium feldspars and small amounts of illite and kaolinite. 
Certain reactions occur upon heating the samp1es from 70Q to 1100"C in a 
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muffle furnace: disappearance of calcite and dolomite and also of illite and 
kaolinite, a decrease in the percentage of quartz, disappearance of the potas-
sium feldspars between 700 and 900°C, formation of wollastonite, etc. 
These data and the colour changes observed upon heating ¡nclieate that 8 of 
the samples investigated were fired al temperatures lower than 700°C, 13 
between 700 and 750°C and 7 samples at 800°C or slightly higher. 
In addition, it is possible to conclude that with the exception of four 
pieces imported from Palestine-Phoenicia, the remaining were made with 
raw materials from the Cerro Macareno area. 
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The recent technological innovations in manufacturing processes in the fieId 
of ceramics have provided the incentive for studies and applied research in 
the fieId oC raw materials. In this respect, particular needs and requirements 
have developed as a result oC the especially large role which fast single firing 
has begun to play (for both red and white ware bodies) at the expense of 
doubIe firing (also for both red and white ware bodies) and of sIow single 
firing. This trasformation is based on a radical modification of ceramic 
manufacturing cycles. In addition to changes in firing methods. the shaping 
operation (pressing) and especially grinding methods also have undergone 
profound modifications. 
In the case of single fired white ware bodies, wet grinding of the raw materi-
als followed by spray drying is indispensable. This leads to the problem of 
cost of the operation from the energy point of view. Also, the raw materials 
used, in particular the clays, must be imported. This too leads to higher 
overall cost of the final product. 
With respect to single fired red ware, initially, the c1ays being used are those 
which already.have been employed for sorne time for production of red gres 
(stoneware). typical traditional Italian ceramic products. These elays are 
national raw materials whiá'h c~j1 be grouped together under the common 
denominatíon of «red bed» clays:They inelude clays of various geologicaJ 
formation. in general during the Oligocene and in sorne cases, also during the 
Eocene. 
With the advent of fast firing cyeles, materials preparation by wet grinding 
became more common, resulting in increased energy comsumption. Present-
ly, however, there seems to be a move towards the return to dry grinding. 
This tendency has stimulated studies of both clay and non-clay raw mate-
rials directed towards obtaining a better understanding of the character-
istics of particular importance from the applications point of view. 
The present study reviews a wide range of red clays presently used for fast 
single firing. Chemical-mineralogical data and physico-ceramic data are 
